This study aims to analyze the famers' ability to pay for irrigation water in Jordan Valley to investigate the farmer capacity to cope with increasing the water tariff. The residual imputation approach was used based on the enterprise budget for crops cultivated in different geographical locations in Jordan Valley. This methodology deducts the contribution of non-water production inputs, annualized capital cost and fixed costs from the gross output and attributes the remaining value to water. The resulting water value is an indication of the economic efficiency of water and a proxy for the maximum farmer's ability to pay for water. The result shows that cucumber has the highest ability to pay (JD 2.26 m −3 ); the percentage of water cost to total cost is 1.1%. This low percent does not encourage farmers to save water. The weighted average for maximum farmers' ability to pay for irrigation water in Jordan valley is estimated at JD 0.76 m −3 . The result shows the farmer's ability to pay for water used in plastic house is JD 1.34 m −3 compared to JD 0.62 m −3 for open field. The estimated value of desalinated brackish water is JD 0.59 m −3 while the average desalination cost is JD 0.28 m −3 . Therefore, the current practice of installing Reverse Osmosis units to irrigate high value cash crops by some farmers is economically rational, since water value is twice the desalination cost of one cubic meter. If farmers have to pay the cost of O&M, they need to pay at least JD 0.065 m −3 . Increasing the water prices could encourage more efficient water use, shifts to higher value crops, adoption of plastic houses, and encourage desalination of brackish water.
Introduction
In a country facing such a significant imbalance between limited supplies and ever-growing demand, the government must grapple with very difficult policy decisions and trade-offs in order to determine the best ways to allocate water across sectors. This is especially true for the agricultural and industrial sectors which consume significant portions of the national water supply and are central to the Jordanian economy. A critical component of improved resources management is a more informed policy setting process. Jordan's water sector is struggling to keep up with rapid population growth and economic growth. Jordan is one of the most water scarce countries in the world [1] , with very limited quantities of renewable water and high costs for providing water to people and businesses. Sustaining public projects for irrigating agricultural activities requires expenditures in a form of capital investment, operations and maintenance, and periodic rehabilitation. Government has historically been the primary sources for financing these projects, but farmer beneficiaries are increasingly expected to contribute substantially toward recovering full costs. Estimates of farmers' ability to pay (ATP), or repayment capacity, for part or all of the costs of irrigation water supply facilities are useful in deciding on how much of these costs farmers can and should pay for irrigation water. Willingness to pay depends at once on individuals' level of income and their perception of risk: the greater a person's aversion to risk, the more he or she will be willing to pay. An individual's ability to pay is the maximum amount that he or she is capable of paying; it is therefore linked to income. Ability to pay is always greater than or equal to willingness to pay, even for persons with a strong aversion to risk. In a context of poverty, however, the levels of ability to pay and willingness to pay are both very low and tend to be indistinguishable from one another [2] . The average tariff billed per cubic meter of water billed to irrigation in 2010 range from JD 0.008 to 0.016 m −3 , with an average of JD 0.012 m . Jordan Valley Authority (JVA) is not able to cover its basic operating costs; its revenues fall far short. The decline of JVA's capacity to pay for its operating expenditures has been especially pronounced since 2008. The operating margin is highly negative and shows that currently the total revenues including pumping revenues which were not charged to Water Authority of Jordan (WAJ) do not even cover staff costs. The operating cost coverage ratio is less than 30 percent for all purposes of water use and only 10% of irrigation water [3] . Water in Jordan Valley is charged according to the principle of price discrimination and quota system. In 2004, the JVA revised the quotas system for better supply of water and crop water requirements [4] . The new quotas correspond to 360, 765 and 1255 m 3 /du for vegetables, citrus and bananas, respectively, i.e., a cut by about 20 to 25 percent. At a regional scale, this generated total freshwater savings in the northern and middle directorates of approximately 20 mcm. The water saved was subsequently reallocated to domestic use in Amman with about 53 mcm in 2010. In sight the value of water is essential to support policy decision making about 1) investments in water supply system, 2) investments in the water distribution system and the irrigation system, 3) efficient allocation of water with competing sectors, 4) setting water pricing and tariffs, 5) setting cost recovery (O&M and capital recovery) mechanisms, and 6) determining the socio-economic impacts of water management decisions [1] . However, the decision-makers are thus torn between pressures to meet water authorities' demands for expansion and maintenance, and public pressure to restrict water prices, particularly for poor people. Pressures from donor communities to adopt full water cost recovery aggravate the situation. Water pricing is the most important measure in establishing effective demand management to use water efficiently and sustainably. Appropriate and adequate operation and maintenance of water systems are necessary to enable them to meet the current and future requirements for distributing water. Decision makers often lack information on unit value of water to agricultural revenue in different agricultural activities and their relative economic contributions to the local and regional economies. As a result, they cannot adequately assess potential trade-offs amongst different agricultural users under different management schemes. The question that this paper seeks to explore is how much a farmer would pay for water and at what price farmers plan to cultivate the area they have under irrigation. Regardless of the reason for reforming water policies, knowledge of the value of water is essential for efficient allocations of water and when crafting policies to compare the variable impacts of water reform within and across sectors of the economy. However, a major difficulty that policy makers and water resources managers face is over accurately determining net economic value of irrigation water due to a number of economic, political, and physical complexities. Economic gains (or net values of irrigation water) of some agricultural activities are much higher than others but these activities may require major initial investment and take years before economic gains are achieved. Also, the issue of large sunk costs in on-farm infrastructure impacts on the net economic value of irrigation water. Such investment costs have not been incorporated in the previous ISSP water valuation study [5] .
Materials and Methods

Review of Literature
The idea of water as an economic good is simple. Water has a value to users who are able to pay for it. Like other goods, consumers will use water as long as the benefit derived from the use of an additional cubic meter exceed the costs so incurred, i.e. until the marginal value product of water equals its price. The capacity to pay for water depends directly on farmers' incomes, especially from crop enterprises. According to the economic theory, a farmer will be able and willing to apply water to the crops as long as it generates more income than its per unit cost. If the marginal income from a crop by application of an additional unit of irrigation water is less than the water charge for that crop, the farmer is not able to pay for water. The net income criterion generally serves as a good approximation of farmers' ability to pay for water charges. Net farm income, as a measure to assess the average paying capacity of the water users [6] . Establishing economic value for water is considered to be one of the most discussed and debated issues related to economic efficiency of water use and its allocation [7] [8]. Young stated that: "water valuation presents the economic analyst with a wide range of challenging issues and problems, because water values tend to be quite site-specific, spatial, and temporal, and each case confronts its own unique issues and typically requires its own original valuation" [9] . Effective measurement of water values demands skill and rigor in application of all the tools of the applied economist's trade. These tools include data collection, statistical analysis, optimization models, and research reporting. However, researchers have employed many methods for assessing the value of irrigation water. These methods have been classified into two major groups, namely "inductive techniques" and "deductive techniques" [9] . The inductive techniques (based on observation in market) for valuing irrigation water differ mainly according to the type and source of data and the form of statistical model, if any, used to estimate the productivity relationship. Most commonly used inductive techniques include: (a) direct observations on water entitlement markets, (b) land value method by imputing value of water via land and implementing valuation from land market data, (c) hedonic property (or revealed preference) value method; and (d) econometric valuation of irrigation water from primary and secondary data including stated preference techniques [1] [5] . Ability to pay (ATP) and willingness to pay (WTP) are economic concepts, which aims to determine the amount of money a consumer is able or willing to pay for the supply of additional unit of goods and services and it is water in our case. The consumers' ATP and WTP are becoming increasingly popular and are one of the standard approaches that are used by market researchers and economists to place a value on goods or services for which no market-based pricing mechanism exists [10] . Literature suggests that two approaches are being used to analyses the consumers' ATP/WTP. The direct approach, involves taking a survey through a structured questionnaire of consumers' ATP/WTP specified prices for hypothetical services, also referred as contingent valuation method (CVM). The direct approach used in CVM has been to directly ask survey respondents to state their exact maximum ATP/WTP for the particular use or non-use value of the water. The ATP/WTP is defined as the amount that can be taken away from person's income while keeping his utility constant [11] . The CVM still have serious methodological and theoretical shortcomings when used to assess ATP/WTP for non-market based goods and services, such as format bias, embedding effect, ordering problem, starting bid effects, strategic bias, information bias, non response bias, payment vehicle, free rider problem, warm glow effect [12] - [14] . However, CVM is still useful tool for water resource management in developing countries. The price of water in a water market should reflect water's economic value. Because water is usually supplied by public agencies who price water at its average financial delivery cost rather than its value to producers, water is rarely priced at its marginal economic value [9] . Water can be valued from a supply (i.e. depending on the cost of water provision) or demand perspective (value added due to water use in productive activities), resulting in a supply curve or a demand curve. When water is an input to a production process (an "intermediate good"), such as in irrigated agriculture or in industrial use, water demand is derived from the demand for the final output and from water's role in producing this output; thus it is a derived demand function. In this case, water demand is a function of the price of water and the price of the final product produced. Estimating water's economic value is equivalent to isolating the marginal contribution of water to the total output value [9] [15] . In general, the most scientifically accepted methods are those based on actual market behavior and information [16] [17] . In the case of Jordan, since farmers in the Jordan Valley are paying for water-a neglected portion of production costs; it is difficult to establish a relationship between price and demand from actual behavior to generate demand functions. Moreover, the fact that water is provided by the government with heavy subsidies, strategic biases or simply the belief among farmers that water is a free gift from God [18] , could probably lead to erroneous estimations of water values when using direct methods such as contingent valuation [12] . Therefore, following Lange [19] and Speelman [20] , the Residual Imputation Method (RIM) was used in this study. Although this method clearly has its shortcomings, it was considered the most suitable technique to estimate water values for the studied irrigation schemes [21] .
Objectives of the Study
This study aims to analyze the famers' ability to pay for irrigation water in Jordan Valley from farmers' perspective that takes into account the full economic costs of production using RIM approach. The previous water valuation study conducted in Jordan provide a short-run disaggregated water value for fruits, vegetable, and field crops at the regional and country level. They take into consideration the water value added-according to different agro-climatological zones and the type of water used in the production process such as groundwater versus surface or blended waste water with surface water [22] . The major distinction in this study is in the estimation of water value through farmers' ability to pay for water in the long run where all fixed costs are variable costs in the long runs. The growing water scarcity causes increasing pressure on farmers to allocate water more efficiently. The JVA does not cover the O&M cost. The average tariff billed per cubic meter of water billed to irrigation in 2010 is JD 0.012 per m 3 . Based on billed water volume, the average operation and maintenances cost per cubic meter billed are about are JD 0.12 per m 3 in the last three years. JVA is not able to cover its basic operating costs; its revenues fall far short. The operating cost coverage ratio is less than 30 percent for all purpose of water use and only 10 percent of irrigation water [3] . Therefore, to formulate a new water policy, water subsidies currently received by farmers will gradually decrease and become negative, i.e. in the near future; farmers will have to pay for the water they use. This paper will try to estimate the economic value of water in agriculture by producing well-differentiated estimates of Farmers' Ability to Pay (FAP) for irrigation water in Jordan Valley.
Background to Economy and Agriculture in Jordan Valley
The agriculture sector is a major consumer of water, and the returns to water from crop production tend to be low in comparison to other sectors. The horticulture is becoming the main source of agriculture GDP. The horticulture sector can be divided into highland and Jordan Valley. Around 61 percent of Jordanian agriculture GDP is generated from Jordan Valley. About 19 percent and 17 percent of agricultural GDP is generated from MJV and NJV, respectively [23] . The irrigated agriculture is mainly based on surface and marginal water resources in the Jordan valley, where the highlands the irrigation is based on groundwater resources. The importance of the agricultural sector in MJV stems from the fact that it is the major source fruits and vegetables during winter season (35% of value added in winter vegetables), and also one of the sources of hard currencies originated from exports. One can use a rough estimate of value added of irrigation water by dividing the total value added (agriculture GDP) in each geographical location in JV by water consumed in each location. The NJV yielded the highest gross water value added with JD 1.4 per cubic meter [24] . The Jordan Rift Valley (JRV) is a low-lying strip that extends along Jordan's west border from northern Jordan near Lake Taiberia at an elevation of about 212 m b.s.l. to southern Jordan near Aqaba. The part of the JRV covered by this paper is that extends from northern Jordan to near the Dead Sea where elevation drops to about 420 m b.s.l., the lowest point on earth. The study area experiences a sharp gradient in rainfall from north to south. Average annual rainfall in the Northern Jordan Valley is about 377 mm and 77 mm in southern Shouneh [25] . The prevailing subtropical climate in the JRV and fertile soil allows for year around cultivation especially vegetables in winter. About 70% of Jordan's production of fruit and vegetables is from the Jordan valley which makes the valley Jordan's food basket. Total irrigable area in the Jordan Valley is about 363,000 dunum. The main water demand in the Jordan Valley is agricultural demand. Irrigation water demand in the Jordan Valley is distributed from north to south among five demand zones which are the Northern Jordan Valley (NJV), the Middle Jordan Valley (MJV), the Southern Jordan Valley (SJV), the extension project in the Southern Dead Sea (Safi) and recently Wadi Araba ( Table 1) . Irrigation water demand in the Jordan Valley is estimated at about 320 million cubic meter (mcm) per year based on crop water requirements (or roughly 360 mcm by the assumption of 1000 m 3 water requirements per dunums annually). Domestic demand in the Jordan Valley is minor compared to the total agricultural demand which is satisfied from groundwater sources. The JVA is a government organization in charge of the economic and social development of the valley and retains the responsibility for operation and maintenance of the irrigation system including water distribution. The JVA has a directorate for operation and maintenance stationed in the valley. It employs over 1500 workers, 1362 employees were in the Water Division, of which about 250 take care for the operations [26] . There are three "regional" JVA field offices which calculate the water flow to each farm unit. A control central office monitors the calculated consumption for the entire valley, compares it to the water inflows from the various sources and calculates the un-accounted for water. The cultivation of citrus and banana is al-lowed only through license from JVA. The Jordan Valley irrigation scheme consists of 58 development areas that each depend on one common source of water, either surface or blended surface with treated wastewater or groundwater ( Table 1) . The water source is either one of the 28 pumping stations along the KAC or a direct inflow from a side wadi or a dam. Water is conveyed from the source (KAC or side wadis) to farmers' fields through a pressure pipe network and distributed to each farm unit (ca. 35 dunum) by an end user outlet, called a farm turnout assembly. All sources of water (surface water from Yarmouk river, side wadis and dams, Lake Tiberias, the main conveyor, KAC, its pump stations, the distribution networks and farm turnout assemblies and drinking water off-take from the KAC to Amman) are centrally monitored but are decentralized in operation [27] . These features make the Jordan Valley irrigation system almost unique, being a dual irrigation and municipal water supply system which is very difficult to compare with irrigation systems in other countries.
The total cultivated areas in JV in 2011 is about 363 thousand dunums, of which 311 thousand dunums is fully irrigated. The vast majority of irrigated agricultural production is in the form of fresh fruits and vegetables. As indicated in Table 2 , about 60 percent of the irrigated areas in Jordan are allocated to vegetables. About 45 percent of total production and irrigated area of vegetables in Jordan are in Jordan Valley. Irrigated areas of fruit trees in JV occupy 23 percent of total irrigated areas of fruit trees and produce about 51 percent of total fruit trees production.
Water resources in the Jordan Valley consist of ground water, surface water, and treated wastewater from KTD. The safe yield of the Jordan Valley basin is estimated at 20 mcm and the safe yield of the Jordan Valley side wadis basin is estimated at 31 mcm [28] . Other sources in the Jordan Valley are Yarmouk River, Taiberia Lake, and Mukheba wells. The amount received from Yarmouk River varies significantly from year to year which depends on rainfall and on the upstream use by Syria. For example Yarmouk River flow at Adasiya near the inlet to KAC for the year 2004 was about 69 mcm which dropped to about 12.6 mcm for the year 2011 [26] . Flow from Taiberia Lake is governed by the Peace treaty which is about 50 mcm per year. The total water inflows into Jordan Valley fluctuated from year to year depends on rainfall precipitation. The total water inflows estimated in year 2011 with 211 mcm. The flow of Mukheiba wells in 2011 was about 25.5 mcm. Water from Yarmouk River, Taiberia Lake and Mukheiba wells flows at the upstream of King Abdulla Canal, which is the main transfer system in the Valley and extends from the northern Jordan Valley about 110 km to the south and ends a short distance before the Dead Sea. In addition, several side wadis distributed along the valley flow from east to west, the base flow of which is estimated at about 19.6 mcm [26] . These side wadis flow to the Jordan River, however, some water from these side wadis is used for private irrigation in the upstream area. In addition, four small dams exist on these wadis, the storage capacity of which is about 30 mcm. Al-Karameh dam with a storage capacity of about 52 mcm is the largest dam in the JRV; unfortunately its water is saline and can't be used for irrigation. A desalination plant was constructed to desalinate about 12 mcm per year to be used for domestic purposes but due to some technical problems, mainly high salinity, it's not in operation. Furthermore, brackish springs and tube well are existed in the Jordan Valley, some of which are desalinated and used for irrigation by private farmers. To compensate for the loss of Yarmouk river water, the Jordan Valley Authority extended the existing Zarqa Carrier II (which conveys water from the Zarqa river downstream of the King Talal Dam (KTD) to the King Abdullah Canal (KAC) to the North Ghor irrigation area. The new pipeline, called Zarqa Carrier III, enables another 4000 ha to be irrigated with water from KTD. In 2010 about 2 mcm were delivered from KTD to Northern areas and increased to about 10.3 mcm in 2011 from a total water use of 37 mcm [26]. The carrier is intended originally to be used in dry periods only as an emergency supply if fresh surface water resources in the KAC run out, alternating fresh water supply and supply from KTD. The Disi fossil water carrier is completed in August 2013 and it is starting to provide additional between 75 -80 mcm of fresh water for municipal purpose in Amman-Zarka basin. Consequently an additional 50 -60 mcm of treated wastewater are available in the KTD. However, the total water use for irrigation purpose in Jordan valley estimated with an average of 133 mcm. An average of about 57 mcm of water are lost and unaccounted for, either for system inefficiency, lost, evaporations and illegal uses. This transition comes with considerable problems. The water taken from KTD has a salinity of around 1400 mg/l, which negatively affects yields, especially citrus, when compared with irrigation from fresh water resources. Also, because of increasing availability of treated wastewater resources, the use of treated wastewater in the northern part of the Jordan Valley will be considered in the near future to reduce the stress on freshwater resources for rural and urban areas in the Northern governorates. It is therefore expedient to prepare farmers for the permanent use of treated wastewater for irrigation of citrus and other crops. Experiences from the southern part of the Jordan Valley cannot be extended without further action research to the northern part, as the northern part receives higher rainfall, different soil type and different cropping pattern, a major factor to be taken into account when adapting to the different quality of irrigation water.It is important to note that fresh water upstream of the KAC at Deir Alla is pumped to Zai Water Treatment Plant which provides drinking water to west Amman, pumping from KAC to Zai WTP for the years between 2010 and 2011 about 53.5 mcm. Furthermore, groundwater resources in the Jordan Valley are also used to satisfy part of the domestic demand in Irbid governorate. Treated wastewater generated in Amman and Zarqa is a main water resource in the Jordan Valley. Wastewater generated in Amman and Zarqa is treated at As-Samra WWTP and discharged to Zarqa River which ends in KTD. As-Samra WWTP flow to Zarqa River grew from about 61 MCM for the year 2007 to about 84 MCM for the year 2010. Water from KTD is released to KAC where it gets mixed with fresh water there and used for unrestricted irrigation in the Middle and southern Jordan Valley. The facility is acknowledged for being the first project in Jordan to be built under a build, operate and transfer (BOT) basis and the first to receive a grant from USAID. With a peak flow of 840,000 cubic meters each day, the facility treats an average flow of 267,000 cubic meters of wastewater on a daily basis, serving a population of about 2.2 million living in the Greater Amman and Zarqa areas. An expansion of the facility began in 2012 and is expected to be completed by 2016. It will increase the plant's average treatment capacity to 133 million cubic meters each year. The estimated treated wastewater use in 2010 is estimated with 100 mcm. About 55 mcm was used in Jordan Valley [29] . Beyond all this, the fact that Jordan, provide irrigation water in JV to farmers at subsidized prices implies that the governments involved consider water in the hands of farmers to have a greater value than the farmer's own willingness to pay. Such a view may be because of social effects-the desirability of social order and to avoid social unrest, and because of political considerations, as well as to keep the stability of food prices. The success of structural reforms in the water sector depends on sustained, determined political commitment to implement them, on the support of supplementary reforms in regulatory regimes, realistic and efficient tariff structure and on a clear policy on subsidy and its mechanisms to provide quality service to the poor. It is to be noted that effective regulation is a necessary but not a sufficient condition.
Methodology
This study focuses on the use of water as an intermediate good, used as an input in the production of other goods and services. When used as an intermediate good, the value of water must be assessed from the producers' point of view. The conceptual valuation framework for the welfare benefits of increases or decreases in water use is provided by the producers' demand for inputs, including water. Therefore, the deductive techniques include residual imputation approach are commonly used to derive real prices of irrigation water. A residual method for valuing irrigation water is a special case of the well-known process of performing farm budget or cost and return analysis. This method subtracts the incremental value added by all production inputs except the irrigation water from the value of total output. The method identifies the incremental contribution of each input to the value of the total output and is the most widely used methodology for valuing irrigation water [9] . All costs of production except water are subtracted from the value of production and the remaining (or residual) value provides an estimate of the value of water in irrigation. The resulting value sometimes termed "quasi-rent" [30] and can be assumed to be the net value of irrigation water [31] . The residual imputation method is most suitable where the residual contributes the largest fraction of the value of output. This method requires the subtraction of the eco-nomic cost of all the other production inputs except water from the sales revenue. The difference becomes the value of water in the production of commodity. The application of the principle of ability to pay is based on profitability of irrigated farms as the basis for water pricing. In estimating the ability of irrigators to pay for water, typically we uses farm budget studies for the area in question to determine the net productivity of irrigation water for various crops and various type of land. Once the crop pattern and the size of the average farm are estimated, the total net productivity of water is computed after subtracting all other costs (operational and fixed costs), including normal profits under the guise of a "farm family living allowance". Therefore, the use of water in a production process can be determined using the residual imputation approach. The residual value represents the maximum amount the producer would be willing to pay for water and still cover input costs [32] . If only variable input costs are subtracted, then a short-run measure of the value of water is derived. If the costs of all nonwater inputs are subtracted (including a normal rate of return on capital), then a long-run value is obtained. Three methods can be used derive water values in agricultural sector, these are: 1. Water values based on the Gross Value Added (GVA): The GVA represents the difference between the gross output of the farm minus the intermediate consumption. The resulting water productivity allows for determining the farmers supply curve of the agricultural products in the short run. The farmer is willing to pay that price of water to avoid losses in the short run and to recover the variable cost. All the fixed cost does not recover and lost.
2. Water values based on the Net Value added (NVA): NVA is the value of output less the values of both intermediate consumption and annualized fixed capital. NVA is obtained by deducting consumption of fixed capital (or depreciation charges plus opportunity cost of invested capital) from GVA, NVA. Therefore equals gross wages, pre-tax profits net of depreciation, and indirect taxes less subsidies 3. Water values based on the Net Profitability (NP): The net profitability is the measure of the surplus or profit accruing from production after deducting all costs (direct and indirect) and thus a proxy for total pre-tax profit income. The resulting water value is an indication about the economic efficiency of water consumption and a proxy for farmer's ability to pay for water. If the farmers changed this value for water they reach an equilibrium in the long run and normal profit. This implies that the sales revenue exactly equals the sum of all inputs used. In this case, there is no reward to risk and uncertainties in doing business. However, the farmers receives normal rate of return on invested capital.
However, any costs incurred by a firm may be classed into two groups: fixed costs and variable costs. Fixed costs, which occur only in the short run, are incurred by the business at any level of output, including zero output. These may include equipment maintenance, rent, wages of employees whose numbers cannot be increased or decreased in the short run, and general upkeep. Variable costs change with the level of output, increasing as more products is generated. Materials consumed during production often have the largest impact on this category, which also includes the wages of employees who can be hired and laid off in the span of time (long run or short run) under consideration. Fixed costs and variable costs combined together equal total costs. Therefore, in this attempt we takes into account the sunk costs in the form of asset fixity such as amortization of capital investments, opportunities costs of invested capital, amortization of capital land, opportunities costs of family labors [33] . The management will attempt to maximize profits by employing just the right amount of each factor of production subject to a predefined budget constraint. At a much more general level, profit maximization may be viewed as an unconstrained or constrained optimization problem where the decision variable is the firm's level of output. The marginal product of water (MP w ) is the change in total output given a unit change in the amount of water used. The marginal revenue product of water (MR w ) is the change in the firm's total revenue resulting from a unit change in the amount of water used. The marginal revenue product is the marginal product of water times the selling price of the product (P y ), i.e., MR w = P y •MP w . The total cost of water is the price rate times the total amount of water used. The marginal resource cost of water (MRC w ) is the change in total water cost resulting from a unit change in the number of units of water used. If the price rate (P w ) is constant, then the price rate is equal to the marginal cost of water. A profit-maximizing firm that operates in perfectly-competitive output and input markets will employ additional units of water up to the point where the marginal revenue product of water is equal to the marginal water cost, i.e., P y •MP w = P w . The problem confronting the decision-maker is to choose an output level that will maximize profit. Define profit as the difference between total revenue and total cost, both of which are functions of output, i.
e., π(Q) = TR(Q) − TC(Q).
The objective is to maximize this unconstrained objective function with respect to output. The first-order and second-order conditions for a maximum are dp/dQ = 0 and d 2 p/dQ 2 < 0, respectively. The profit maximizing condition is to produce at an output level at which MR = MC. Although profit maximization is the most commonly assumed organizational objective, firms that are not owner-operated, or firms that operate in an imperfectly competitive environment often adopt an organizational strategy of total revenue maximization. The first-order and second-order conditions are dTR/dQ = 0 and d 2 TR/dQ 2 < 0, respectively. Assuming that firms are price takers in resource markets (the price of water is fixed); because price and output are always positive, it can be easily demonstrated that the output level that maximizes total revenue will always be greater than the output level that maximizes total profit. This is because of the law of diminishing marginal product guarantees that the rate of increase in marginal cost is greater than the rate of increase in marginal revenue [34] . To obtain the profit maximizing output quantity (y), we start by recognizing that profit is equal to total revenue TR(y) minus total cost TC(y). The profitmaximizing output is the one at which this difference reaches its maximum. Therefore, a firm's profit is its revenue minus its cost. If the price p y at which the firm can sell its output is not significantly affected by the size of its output, it is reasonable to model the firm as taking the price as given. In this case, for a single product, its total revenue is TR(y) = p y •y, where y is its output. Thus the firm's profit function is 
where TC is either the firm's long run cost function, the firm chooses its output y to maximize its profit π(y), taking price as given. The net profit π(y j ) in term of (JD/dunum) equals the gross revenue less all annualized capital cost (CC j ) and other fixed costs (FC j ), which form total fixed costs (TFC j ), all variable costs (VC j ) including water charges (Q w •P w ). Assume the producer objective is to maximize profits of single output as a function on multiple inputs Y = f(X i ), leaving one single input, water in our case water (Q w ) separately. Then the profit equation is:
To find the conditions for optimal profits, take the first derivative of π with respect to water and set that equal to zero:
The ( )
Q is the marginal products of water,
is the is the value of the marginal product (VMP) of water, where the value of marginal product is defined as output price multiplied by the marginal physical productivity of the input [34] . If all the inputs, including water, are exchanged in a competitive market and employed in the production process, the value of water of the last cubic meter used should equal its price. Rearrange equation [17] 
When economic profit is equal to zero; this occurs when the difference between total revenue and total cost (explicit and implicit costs) equals zero. Normal profit is different than accounting profit because opportunity cost is taken into consideration. Normal profit is the minimum level of profit needed for a firm to remain competitive in the market. Profit in economics, is the return on conducting business and risk, also called earnings, minus the costs of maintaining land, labor, and capital. Thus, normal profit is the profit that could be earned in another activity elsewhere. It is the profit that could be earned in an alternative venture.
Residual valuation thus assumes that if all markets are competitive, except the one for water, the total value of production ( y P Y ⋅ ) equals exactly the opportunity costs of all the inputs. It is assumed that the opportunity costs of non-water inputs are given by their market prices (or their estimated shadow prices).The residual, obtained by subtracting the non-water input costs from total annual crop revenue equals the gross margin (water related contribution equal gross margin minus the water costs) and can be interpreted as the maximum amount the farmer who could pay for water and still cover costs of production. It represents the at-site value of water.
( )
In this study the water values were derived by three methods: these methods are: The derived monetary amount derived from the last equation where net profit divided by the total quantity of water used on the crop production, determines the marginal value for water, corresponding to the irrigator's maximum ability to pay per unit of water for that crop [35] - [37] . However, the assumptions of the RIM are not overly restrictive, but care is required to assure that conditions of production under study are reasonable approximations of the conceptual model. The main issues can be divided into two types: 1) those relating to the specification of the production unction and 2) those relating to the market and policy environment (i.e., the pricing of outputs and non-residual inputs), [9] - [19] . The residual value is assumed to equal the returns to water and represents the maximum amount the producer would be willing and able to pay for water and still cover input costs [32] . If only variable input costs are subtracted, then a short-run measure of the value of water is derived. If the costs of all non-water inputs are subtracted (including a normal rate of return on capital), then a long-run value is obtained.
Data Collection
Questionnaires were used to collect data for the period 2011-2012. These data encompass production (ton), cultivated area (du), yield (kg/du) by season in 4 districts in Jordan Valley. The estimation of the value of water for agriculture is performed on a per crop basis. The main field crops, vegetables and fruit trees in Jordan Valley are selected. In total 160 farmers were interviewed, spread over 4 irrigation schemes. The interviews gathered information on irrigation system, farm activities, quantities and costs of inputs used in production, quantities and value of output, quantity of water consumed and irrigation practices. Expert knowledge of the extension staff was used as a verification method to farmers' answers. This was particularly helpful for the estimation of water use and prices of inputs and outputs. After constructing an enterprise budget, a group of progressive producers is interviewed by the author in the targeted areas. The author and a farm management specialist work together to modify and develop a consensus estimate of enterprise costs and returns. It is fully realized by those involved in this process that the resulting enterprise budget does not represent any particular farm. The individual farmer must be modified it to fit his situation. However, the resulting budget is a reasonable estimate for each geographical location in the targeted area. Therefore, the ability to pay is expected to vary by location in JV, by time (winter vs. summer), and by water quality (surface, groundwater and blended water) and by individual based on his situation and endowments. The detailed collected data from farmers' field allows us to assess water values that are differentiated according to crop type, geographic area, seasons and water quality. Enterprise budgets are estimated for most of the fruits, field crops, and vegetable crops grown in Jordan Valley in different agro-ecological zones. The returns and costs were calculated on per dunum basis. The estimated enterprise budgets are based on the best and most accurate estimates on returns and costs available in 2012 for 226 observations. The net irrigation water applied by farmers is used to measure the value of irrigation water (which is subtracted later from calculation), fertilizers (trace elements, organic and compound or chemical fertilizer), pesticides and herbicides., containers and threads, plastic mulch used in vegetable production with drip irrigation, and under plastic houses, plastic sheet and cover used in plastic tunnels crop enterprises, fuel and electricity. The costs of hired machinery and seasonal hired labor expressed in hours, which includes planting, spraying, tillage, land preparation, rearing, and crop harvesting, have been calculated for all these operations. The gross margins were calculated without including irrigation water cost in the total variable cost. The fixed costs include expenses of all non-varying inputs required for the production process. The annual depreciation expenses for the crops are varying according to production systems. Total costs are the sum of both cost components, variable and fixed costs.
Net returns of the selected enterprises were obtained through deducting the total costs from the gross returns for each crop. In calculating labor costs for the enterprise budgets, operator and family labor are valued at their opportunity cost of being hired out to a neighboring farmer. The shadow price was calculated based on discussions with farmers and extension personnel and on the data on wage labor in the dataset. For land that is owned, the opportunity cost that is included in the budget is the net rental return that the producer would receive if the land was rented out rather than being used by the producer [38] [39].
Results and Discussion
The farmers' ability to pay will be presented separately with classified according to geographical location, crop type, water quality cropping season and production and irrigation technology. The residual water value is assumed to equal the returns to water and represents the maximum amount the producer would be willing to pay for water and still cover input costs. The approach is also extremely sensitive to small variations in assumptions concerning the nature of the production function or prices. The water values based on gross value added and net value added will be presented but will not be discussed, since it represents the water values in the short run. The farmers will be able to pay such value in order to avoid crop losses.
Farmers' Ability to Pay by Location
Farmer's ability to pay in term of water profitability vary from region to region depending on economic activity, climate zones, production season, soils and water qualities, in addition to many other factors. Table 3 . This might be because of the dominance of banana fruits in SJV, which require a high amount of water compared with MJV where vegetables are the dominant cropping pattern. The percent of water cost to total costs was the lowest value is found in MJV with 1.24%. The water costs ranges between 1.24% to 2.35% with an average of 1.88%. The results shows that water cost represent a neglected portion in the variable costs and total costs. This lowest portion does not encourage farmers to take a serious measure to conserve water and encourage a rational use of water. Farmers in highland areas, where water cost exceeds JD 0.7 m −3 , are taken serious measures to avoid any loss in the irrigation network and practicing deficit irrigation.
Farmers' Ability to Pay by Crop Type
The field crops include wheat, barley, alfalfa, maize and garlic. The water profitability in field crops is among the lowest in Jordan valley. However, the weighted average for ability to pay in field crop production is JD 0.134 m −3 . It is worth mentioning that field crop gown in JV for crop rotation purposes The cost of water represent a significant portion of total costs in field crop. The costs of water represent about 6% of the total variables cost and about 4.5% in the total costs as shown in Table 4 . The average water profitability for the fruit trees is JD 0.53 m −3 . The average water value in Banana is JD 0.48 m −3 it ranged from JD 0.652 m −3 in the SJV to a lowest of JD 0.22 m −3 in NJV. Looking to the net profit to one cubic meter, it was found it is about JD 0.48 m −3 for banana crops. Therefore, it is economically rational for banana producers to install RO units to irrigate bananas, since the cost of desalination of one cubic meter is about the half of net profit from one cubic meter. ). This could be due to water scarcity and banning summer cultivation in some years as a method of water rationing. The FAP for winter vegetables is JD 0.84 m −3 . The percentage of water cost to total cost is 1.24%. Therefore, the interviewed farmers does not consider water charges as a problem and they stress their willingness to pay higher water tariff for irrigation water in case of improvement in quality and quantity and most of farmers complain of water scarcity and not sufficient water delivery.
Farmers' Ability to Pay by Water Quality
The value of water quality can be looked at in several ways; poor water quality, for instance, can limit the crops a farmer is able to grow or reduces water use efficiency and yield [40] - [42] . Therefore, water quality is multidimensional, as it includes concentration of certain chemicals, level of salinity, concentration of bacteria and organic matter, as well as temperature. The Jordan Valley will divide in to four geographical locations by source of water, Northern areas irrigated with fresh water which is dominated by citrus crops, Middle areas irrigated with blended water dominated by winter vegetables, Southern Jordan Valley irrigated with blended water and side wadies in addition to brackish artisan wells. The dominant crops in these areas are winter vegetables and banana. The Southern Dead sea area (Safi area) irrigated with surface water and dominated by winter tomatoes. Surface fresh water is used in Northern Jordan Valley appears overall to be of acceptable quality and low salinity compared with other sources. The maximum farmer's ability to pay for surface water is the highest with JD 0.81 m −3 and fresh water in Safi area with JD 0.79 m −3 .Treated wastewater plays a major role in narrowing the gap between supply and demand in the agricultural sector in Jordan. The effluent of As Samra WWTP is discharged to Zarqa River where it is used for restricted irrigation upstream of KTD and for unrestricted irrigation downstream of KTD after mixing with its water. Poor water quality can limit the crops a farmer is able to grow. Low water quality also reduces water use efficiency and thus may reduce yield but increase water use. The result shows that the farmers' maximum ability to pay for blended water is JD 0.75 m −3 . This could be to lower yield of crops as a result of high water salinity. The farmers' maximum ability to pay for desalinated brackish water is JD 0.59 m −3 . The desalinated water is mainly used to irrigate banana and other cash crops such as strawberry. Looking to the net profit to one cubic meter, it was found by Al-Karablieh [22] that the net profit is about JD 0.51 m −3 for Banana crop. However, about 50 reverses osmosis plants are operated by cash crops farmers in Southern Jordan Valley desalinate about 7.6 mcm annually. The total brackish water abstraction was estimated with 11.8 mcm annually. The author estimated the average desalination costs for 50 Reverse Osmosis plant (operational and annualized capital costs) of about JD 0.28 per cubic meter with a standard deviation of JD 0.13 per cubic meter. Therefore, the current practice of banana producers is economically rational by installing RO unit to irrigate banana, since water value is twice the desalination costs of one cubic meter. The estimated values of brackish water desalination of JD 0.59 m −3 represent the maximum price that farmers might be willing to pay for water under the current market conditions. Regarding groundwater, the farmers' maximum ability to pay for tube well water is JD 0.56 m −3 . There is a trend of declining water tables and increasing salinity in most aquifers in JV, with resulting higher extraction costs (in terms of pumping as well as accelerated well replacement). Due to the increasing problem with water shortages experienced in Jordan Valley, the utilization of brackish water which was once not an attractive option has gained in prominence. The cost per unit of desalinated water has been dropping as advances have been made in desalination technology ( Table 5 ). 
Farmers' Ability to Pay by Season
The result shows that the farmers' maximum ability to pay for water in four season. The water demanded to cultivate crops in spring season is the highest ability to pay (JD 1.2 m −3
), and the lowest was found for demanded in winter with about JD 0.72 m −3 as shown in ( Table 6 ). The water demanded in summer has the highest percent of water cost to total production costs. The farmers' ability to pay for fruit trees and permanent crops is estimated with JD 0.53 m −3 .
Farmers' Ability to Pay by Production Technology
Plastic houses can provide protection from the weather, a major production challenge faced by vegetable growers. The serious potential loss of crops due to freezes and rain or wind is a major challenge and concern for all vegetable growers in climates such as Jordan Valley. Also, plastic structures can protect the crop from wind and rain, but also can protect from insects when fitted with insect exclusion screens. Therefore, plastic houses systems could reduce the use of pesticides. Protected vegetable production in plastic houses can afford several advantages to producers. They include the ability to moderate temperature during various seasons of the year, wind protection, insect protection, and rain protection. In 2012 about 67,000 plastic houses are installed in Jordan Valley. The most plastic houses are found in MJV for winter vegetables. The result shows that the farmers' maximum ability to pay for water according to production technology used by farmers. The water demanded to cultivate crops with plastic house technology has the highest ability to pay JD 1.34 m ) as shown in (Table 7) . Due to high production cost by using protected agriculture in plastic houses, the percent cost of water to other production cost is only about 1% of the total costs.
Farmers' Ability to Pay by Irrigation Technology
Irrigation technologies commonly used in Jordan include furrow, drip and sprinkler. Open space, greenhouse and plastic tunnels are the most technologies used for cultivation or production. About 75% of the Jordan Valley is now drip irrigated while 24% is surface irrigated and only less than 1% is sprinklers irrigated. Additional attention must now be paid to improve the management of on-farm systems and thereby increase their efficiency. In the JRV most farmers (75%) had a reservoir on their farms, 46% of farmers connected their drip irrigation systems directly to JVA pressure lines. About 90% of the drip irrigation systems use in-line emitters (G.R type) in 16 -20 mm-diameter laterals; these can deliver 3 -4 litres per hour. The result shows that the farmers' maximum ability to pay for water according to irrigation technology used by farmers. The water used in drip irrigation technology has the highest ability to pay (JD 0.84 m −3 ), and the lowest was found for water used to cultivate open field with sprinkler irrigation (JD 0.07 m −3 ) as shown in (Table 8 ). The open fields crops are irrigated with sprinkler irrigation are mainly wheat, barley and alfalfa. Those had the lowest value added and profitability.
Farmers' Ability to Pay by Individual Crop in Jordan Valley
To get insight about the maximum water ability to pay for each crop grown in Jordan Valley, the results were aggregate level for main crops for the purpose of policy recommendations. The list of the crops sorted from top Table 7 . Farmers' ability to pay and cost of water relative to total costs by production technologies in JV. to lowest in term of farmers' ability to pay for water as shown in (Table 9) . Cucumber shows the highest ability to pay (JD 2.26 m −3
). The percentage of water cost to total cost is 1.1%. Therefore, the interviewed farmers does not consider water charges as a problem and they stress their willingness to pay higher water tariff for irrigation water in case of improvement in quality and quantity and most of farmers complain of water scarcity and not sufficient water delivery. The weighted average for maximum farmers' ability to pay for irrigation water in Jordan valley estimated at for Okra (JD 1.46 m . The water profitability in field crops is among the lowest in Jordan valley.
Conclusions and Policy Recommendations
The farmer's ability to pay for irrigation water in agriculture varies widely across crops, seasons, and production locations. Crop grown in plastic houses have the highest water profitability (JD 1.34 m for winter vegetable crops, JD 0.92 m −3 for summer vegetables, and JD 0.54 m −3 for fruit trees. The overall weighted average water net profitability of irrigation was estimated at JD 0.78m −3 . In general, the water costs represent less than 2% of the total production costs. Furthermore, farmers' ability to pay differs by production technology; therefore, water can be priced according to production technology to enhance water saving. Farmers cultivating crops under plastic houses are able to pay higher prices for water reaching up to JD 1.34 m −3
. Water profitability varies from region to region depending on the climate zones, production season, and water qualities. Water profitability in MJV has the highest profitability of about JD 0.93 m . This might be the dominance of citrus fruits in NJV, which requires higher amount of water compared with MJV where vegetables are the dominant cropping pattern. The average water profitability for surface water is the highest with JD 0.81 m −3 and groundwater is the lowest with JD 0.56 m −3 , whereas it reaches about JD 0.75 m −3 for blended water. The observed values of water were in the range of those found in other studies for irrigated vegetables in Jordan. In a study conducted by Al-Karablieh [22] , they found that the average value of irrigation water is JD 0.51 m −3 at the country level. Haddadin [28] reports that the value of water is JD 0.48 m −3 for vegetables under plastic houses, JD 0.35 m −3 for citrus crops and JD 0.37 m −3 for fruit trees. The study revealed a high level of variability in irrigation water values. It was shown that the differences in water values and FAP can be mainly attributed to several factors that can be relevant for policy makers and extension services: 1) the irrigation technology system, 2) the type of crop grown and 3) the water quality. Current prices charged for water are substantially below both the average value of water for producing crops and JVA's cost of service provision. Higher water prices could (a) encourage more efficient water use by farmers, (b) encourage shifts to higher value crops, (c) encourage the adoption of protected agriculture and green houses, (d) encourage private development of desalinated brackish water sources and (e) provide sufficient funds for better irrigation system maintenance and more effective operation. Water pricing policy should be revised to provide incentives for water saving technology. Differential prices can be applied to account for irrigation water quality. Expected consequences of raising water tariff would include a loss in the variety of cultivated crops and an increase in requirement for investments by farmers to adopt new water saving techniques.
The increased requirement might also engender further negative secondary effects, since small-scale family enterprises, which constitute the majority of farms in the Jordan Valley, might not be able to cope with the increased financial demands. However, more efficient water use in response to higher prices would only occur if water is allocated and billed by volume rather than by area. Returning to a system of volumetric billing in the JVA service area would require retrofitting all connections with reliable meters and reestablishing a meterreading and billing system, a process which should be closely integrated with the newly-established WUAs. If farmers have to pay the full cost of O&M, they need to pay at least JD 0.065 per cubic meter. The water value received by farmers is ten times higher than this suggested price of full cost recovery.
